The number of consultant clinical chemists (NCCC) in the 15-nation European Union (EU) (Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, The Netherlands, Portugal, Spain, Sweden, United Kingdom) has been ascertained. These data were analysed in relation to several established national parameters, including demographics, gross domestic product (GDP), cost of healthcare, cost of in vitro diagnostic (IVD) testing and the number of physicians and pharmacists. Large differences in the population-corrected costs of IVD testing (range ;2.4-fold) and NCCC (range ;30-fold) were observed between the countries, which could not be satisfactorily explained by any of the parameters assessed. The differences in IVD testing and NCCC might reflect different practices in laboratory medicine across the EU, but could not be estimated independently. In recognition of the different scope of laboratory medicine practised under the title of clinical chemistry, a simple staffing model was derived in an attempt to give a better estimate of the appropriate number of consultant laboratory medicine specialists. This model allocated a fixed number of laboratory specialists per million inhabitants for the five disciplines: clinical chemistry, 10; haematology, 10; serology, 7.5; microbiology, 12.5; and blood banking, 2. The staffing model also allowed for the contribution of the primary care sector by including one full-time consultant laboratory medicine specialist for each small private laboratory and two extra consultant laboratory specialists per million inhabitants where there are not large numbers of private laboratories. Application of the model to the available data helped to reduce the variation observed in the primary analysis of NCCC (range ;9-fold) but still revealed important differences between countries. These differences could arise from the poor quality of published data as much as from true differences in laboratory medicine practice. We conclude that a more sophisticated analysis of laboratory practice and of all professionals working in laboratory medicine disciplines would be required before any conclusions could be drawn about relative staffing, efficiency or cost effectiveness. The staffing model derived is a first step towards objective estimation of the number of consultant laboratory specialists in the EU.
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Introduction
For many years the EU national societies of clinical chemistry and laboratory medicine have worked together in the European Communities Confederation of Clinical Chemistry and Laboratory Medicine (EC4) (1) . In an attempt to understand better the practice of clinical chemistry within the EU, the Executive Board of EC4 established a Working Group to ascertain the number of consultant clinical chemists (NCCC) across the established 15 nations of the EU and to analyse these data in relation to a range of national parameters. The rationale for the study was that, with development and expansion of the EU, political initiatives are likely to include projects to compare healthcare regulations, procedures and practice with a view to greater harmonisation. EC4 believed that its study could provide useful background information to enable it and national societies of clinical chemistry and laboratory medicine to contribute to such projects.
There is surprisingly little information in the literature on the NCCC in Europe. This comprises one survey in the EU (2), together with models from The Netherlands (3) and the UK (4, 5) that predict the NCCC required to manage the workload in those countries.
The Working Group commenced its study in 2001 and at that time membership of the EU extended to the 15 established nations -Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, The Netherlands, Portugal, Spain, Sweden, and the UK.
The Working Group adopted the term 'consultant' to describe those senior laboratory medicine (6) . Eligibility applies to professionals having a primary university degree in medicine, biochemistry, chemistry, pharmacy or biological sciences, together with additional postdoctoral training in clinical laboratory sciences of at least 4 years (6). The Working Group anticipated that it would see large differences in the NCCC across the 15 EU countries and so it undertook to relate these to a number of readily available national parameters. These parameters included: population demographics; gross domestic product (GDP); costs of healthcare; costs of in vitro diagnostic (IVD) testing; and the number of physicians and pharmacists.
The Working Group was aware that the scope of practice of clinical chemistry varies considerably across the EU (2) and so it undertook to derive a simple model that could take account of this variation and result in a more meaningful comparison of data across countries.
Methods
Data on the NCCC were obtained from the publication of Sanders et al. (2) . The remaining information was collected via the Internet. Demographic data were obtained from The World Fact Book of the Central Intelligence Agency (CIA) (7) . Data on healthcare professionals and healthcare expenditure were obtained from the World Health Organization (WHO) (8). Data on expenditure on IVD tests were obtained from the European Diagnostic Manufacturers Association (EDMA) (9). Table 1 records selected demographic data for the EC4 countries for the year 2000 (7) . As expected, the size of the countries and the number of inhabitants differed considerably. The healthcare systems, and accordingly the systems used for laboratory medicine, coped with population densities ranging from 15.3 (Finland) to 382.6 inhabitants/km 2 (The Netherlands). In contrast, age distribution and life expectancy were remarkably similar across the 15 countries, reflecting a broadly similar standard of living and comparable demands on healthcare services. The total fertility rate per woman ranged from 1.15 (Spain) to 1.91 (Ireland). Table 2 records the year 2000 costs of healthcare across the EU, expressed in terms of population and percentage GDP, together with the costs of IVD testing (9), which have been expressed in a similar way. There was a three-fold variation in the cost of healthcare per head of population from Portugal (7802) to Denmark (72527). When expressed as a percentage of GDP, the cost of healthcare across the EC4 countries was less variable, ranging from 5.7% (Luxembourg, which has the highest GDP) to 10.5% (Germany). The cost of IVD testing did not follow the same pattern as the cost of healthcare. On a per capita basis, the cost of IVD testing increased from Greece (78.1) to Austria (719.4). The percentage of healthcare that was spent on IVD testing showed a three-fold variation from Denmark and The Netherlands (0.54%) to Portugal (1.71%).
Results
In Table 3 the year 2000 costs of IVD testing from Table 2 are broken down by both instrumentation and reagents, and also across the major disciplines of laboratory medicine (9) .
No major differences were evident in the results of this analysis. The instrument costs averaged 13.5% of total IVD test costs and ranged from 7% (Portugal) to 19% (Denmark). However, it is probable that the mar- keting policies of the diagnostic companies vary between countries and that this affected the instrumentation/reagent breakdown observed. The distribution of expenditure by discipline was very similar across EC4 countries, with average figures that include clinical chemistry (30%), immunochemistry (25%), haematology (11%), infectious diseases (15%) and microbiology (6%). Table 4 records the data available on the number of healthcare professionals employed in EC4 countries in the year 2000. These data were obtained from the survey of Sanders et al. (2) and from WHO (8). Large differences were evident in the NCCC, even when the data were expressed relative to 100,000 inhabitants, with a range from 0.6 (Germany) to 16.9 (France). Differences were also observed in the number of physicians per 100,000 population, but the relative differences were smaller, with a range from 164 (UK) to 554 (Italy). Expressing the NCCC as a function of 1000 physicians did nothing to narrow the variability of NCCC between countries, with a range from 1.7 (Germany) to 55.8 (France). A wide variation in the population-based number of pharmacists was also observed, with a range from 17.4 (Netherlands) to 145 (Finland). Reasons for these wide variations are suggested in the Discussion section of this paper.
From the data in Tables 1-4 we looked for correlations between the NCCC and a range of parameters, including population density, the costs of laboratory testing and the total costs of healthcare per capita. No meaningful correlations were observed.
A limited survey of the costs of IVD test kits in the EC4 countries was undertaken for one manufacturer (data not shown). This survey revealed that the prices did differ between countries, but the range of difference was ;20%, too narrow a range to explain the wide range observed in IVD test costs per capita ( Table 2 ). The scope of work undertaken by clinical chemistry laboratories varies considerably across the EC4 countries (2). For example, in Ireland, Spain and the UK, clinical chemistry is a mono-speciality; clinical chemists do not undertake much haematology, immunology or microbiology. In contrast, all of these disciplines are overseen by clinical chemists in Austria, Belgium, France, Greece, Italy and Portugal (2) . In order to reflect this different scope of practice, it was necessary to construct a simple staffing model that would amend the recorded NCCC to take account of the nature of the work undertaken by laboratory specialists in each country. Three countries in the EU (France, Italy and Luxembourg) have a laboratory medicine service that includes a large percentage of small private laboratories serving the primary care sector, and this differing service provision will have profound effects on the NCCC, which should also be reflected in the model.
The staffing model was derived pragmatically on the basis of three separate factors. Firstly, a starting figure of 10 consultants per million inhabitants was selected for the mono-speciality of clinical chemistry. Based on an approximate equivalence of workload parameters, additional numbers of consultants per million inhabitants were included for each speciality as follows: haematology, 10; serology, 7.5; microbiology, 12.5; and blood banking, 2. Secondly, it was recognised that every laboratory, no matter how small, will require a consultant, and so one additional consultant was added per private laboratory. Thirdly, an additional two consultants per million inhabitants was added in countries that do not have large numbers of private laboratories, in recognition of the growing laboratory consultant support required for the primary care sector. Table 5 records the results of applying the staffing model to the survey data of Sanders et al. (2) . A comparison of the actual NCCC with the number of consultants predicted by the model showed reasonable approximation in most countries. Overall, the model predicted 14% less consultants than the observed NCCC (20,166 vs. 23,576) and in all but five countries the number predicted was less than the number recorded. The model revealed France as the country with the greatest variation in actual numbers between predicted and recorded consultants, although in percentage terms Portugal showed the greatest model underprediction. In two countries (Germany and Sweden) the model predicted appreciably more consultants than observed.
Discussion
Any study of this nature is only as good as the quality of the data that are included. From the outset the Working Group recognised that none of the data it was going to use could be considered as 'hard' in the traditional sense of data derived by experimentation. Therefore, it sought to identify data that were objective and the most reliable that could be quoted from the literature. The year 2000 was selected as the year for data collection because this was the year in which the survey of Sanders et al. (2) was conducted. Data on demographics were obtained from the CIA and data on the number of healthcare professionals were obtained from WHO (8). The data on expenditure on IVD testing were obtained from EDMA (9) . Nonetheless, the authors recognise limitations in the quality of the data and this is addressed later.
The demographic data in Table 1 were relatively non-controversial. The population data have been used in other tables to calculate different parameters against a population base. The data on age profile and life expectancy showed remarkable agreement across the 15 countries. This was important for the remainder of the study, because it suggested that the demands on the national healthcare systems should be broadly similar. Differences in healthcare practice would reflect different workloads and expenditure, including in the area of laboratory medicine. Evidence of different per capita expenditure on healthcare emerged from Table 2 , with a three-fold range across the 15 countries. As may be anticipated, this difference is due in part to differences in per capita GDP. However, after correcting for GDP there is still a 1.8-fold range and this is only reduced to a 1.7-fold range by excluding Luxembourg, which has a tiny population and the highest per capita GDP. This difference in the percentage of GDP that is spent on healthcare is of great significance to governments and to the population of each country.
Against the background of differing GDP-corrected healthcare, it is interesting to note that there was a 3.1-fold difference in the percentage of the healthcare budget that was spent on IVD instruments and reagents. There was no correlation between the percentage of the healthcare budget that was spent on IVD testing and the overall GDP-corrected expenditure on healthcare (Table 2 ). Small differences in the costs of these products across the EU could not explain this major difference, nor could differences in the allocation of expenditure between instrumentation and reagents or between laboratory medicine disciplines (Table 3) . It must be concluded that EU countries use their laboratory medicine services in different ways. Providing reasons for this observed difference is beyond the scope of this study.
The main focus of this study was to provide preliminary data on the number of consultants and senior laboratory professionals in each of the EU countries and to analyse this against published parameters. The only published source of this data is the NCCC (2) . The initial analysis of the NCCC in Table 4 showed that after correction for population differences there was still a 28-fold range in the NCCC across the countries studied. This variation was far greater than the 3.4-fold variation observed for the population-related number of consultant physicians. Expressing the NCCC as a function of the number of consultant physicians actually increased the range across countries from 28-to 33-fold and there was no simple relationship between NCCC and physicians.
The Working Group identified several factors that could contribute to the differences in the populationrelated NCCC. One of the major factors was the known difference across the EU in the scope of laboratory medicine that was recorded as clinical chemistry (2) . In some countries clinical chemistry is a mono-speciality, whereas in other countries it includes some or all of haematology, serology and microbiology. In the former countries the recorded NCCC related only to consultants in the mono-speciality of clinical chemistry, while in the latter countries the NCCC included consultants in the other specialities. The description of the specialities used to describe the NCCC is included as part of Table 5 and, while this categorisation is approximate, it can serve to inform a simple staffing model.
There is no scientific validation of the staffing model derived. The derivation was pragmatic, based on experience of laboratory medicine, both in general and across the countries of the EU. Therefore, the data obtained from use of the model can at best be described as illustrative. The model took account of not only the specialities included in the NCCC, but also made allowance for the population served and support for primary care, either through predominantly central laboratories or through small private laboratories. Application of the staffing model resulted in the data recorded in Table 5 and it was apparent that there was a reasonable approximation between the observed total NCCC and the total number of con-sultants predicted from the model. Furthermore, the previous ;30-fold range across the population-based NCCC was reduced to an approximate nine-fold range by application of the model.
Other factors could contribute to the approximate nine-fold range of variation in the number of consultants in laboratory medicine predicted by the staffing model. These factors include:
1. Errors in the data collected in the survey of Sanders et al. (2) due to misunderstanding or to distribution of the workforce across more than one professional society that submitted data; 2. Professionals included in the observed NCCC who work on a part-time rather than a full-time basis; 3. Inclusion in the NCCC of professionals, including technologists, who may not be consultants as defined in this study; and 4. True differences in the number of consultants in laboratory medicine reflecting differing practice.
Factors 1-3 would need to be eliminated before any meaningful conclusion could be reached on factor 4. There are no objective data published on factors 1-3, but there is subjective information from several national societies to indicate that factors 1-3 are real. These are addressed in alphabetical order:
• In France the clinical chemists cover all four disciplines of laboratory medicine. There are a substantial number of private laboratories and by law these are required to employ one laboratory specialist for every two technicians. As a result, large numbers of the consultants in the private laboratories do not hold full-time positions. Therefore, the 36% discrepancy between the observed NCCC and the number of consultants predicted by the model is almost certainly overstated.
• In Germany the NCCC observed was almost certainly too low. Until recently, medical and nonmedical specialists in German laboratory medicine belonged to different professional societies and the data collected in the survey of Sanders et al. (2) only included data from one society. Inclusion of a corrected NCCC would help to reduce the outlier status of the population-based NCCC in Germany and the large difference between the NCCC observed and the number of consultants predicted from the model. It is clear from the preceding paragraphs that the quality of the data, particularly the NCCC, is far from perfect. Therefore, it is not possible to draw any meaningful conclusions from this study about the relative staffing, efficiency and differences in laboratory medicine practice across the countries of the EU. Despite these obvious shortcomings, the Working Group has prepared this document as a baseline study. The Working Group recommends that each of the countries in the EU seeks to obtain better quality data, particularly on the NCCC, and that each national society examines and comments on the validity of the suggested model to laboratory medicine practice in its country. The Working Group also believes that the data in this study will be of interest to the relevant national societies in the 10 countries that joined the EU during 2004.
